Citation: Enoma David Osarieme, Dokunmu Titilope Modupe, Obi Patience Oluchukwu. The Anticancer Activity Of Caffeine -A Review. Archives of Clinical and Biomedical Research 3 (2019): 326-342. Abstract The cancer burden statistics have been on the rise between the years 2008 and 2018. There has been an increase in the incidence and mortalities of cancers within this period. These statistics justify the sustained increase in the study and exploration of more agents with significant anticancer activity. Compounds of natural origin, such as caffeine, a widely known member of the xanthine family of purines fall under this category. It is a popular component of beverages and medications used in contemporary times. This review aims to elucidate on the anticancer activities attributed to caffeine. Caffeine consumption has been shown to have anticancer benefits from epidemiological evidences. It prevents the initiation of carcinogenesis and has antitumor activity. Caffeine also has significant anticancer activity against animal and cultured cell line models of cancer. The cytotoxic effects of some anticancer drugs have also been improved by combination with caffeine. Furthermore, caffeine and related xanthine derivatives have also been applied in experimental chemotherapy. Some molecular pathways have been implicated in these activities related to apoptosis and DNA damage repair pathways. These studies outline the beneficial anticancer effects of caffeine against the different stages of cancer development.
Introduction
Cancer is a genetic disease that is caused by cellular genomic alterations which include insertions, deletions and chromosomal aberrations. These cellular alterations can lead to uncontrolled cell growth that is evident in tumors [1] . According to Alberts, et al. [2] , tumor growth is accompanied by invasion and spread of cells from the origin of the cancers to other sites in the body through a process known as metastasis. The classes include carcinomas (they occur in epithelial cells), sarcomas (they develop from connective or muscle tissue, cancer of the nervous tissue, leukaemia and lymphomas (they derive from white blood cells) [2] . Furthermore, poor prognosis, diagnosis, and therapies of cancer could be attributed to their variation of severities, location, resistance against drugs amongst others [3] .
The increase in incidence of cancer can be attributed to factors such as aging of the population, smoking, obesity, late age at first birth, poor diet and physical inactivity [4] . In 2008, there were about 12.7 million cancer incidences and 7.6 million cancer mortalities.
The global incidence of cancer is most common in less developed countries, with 56% new cancer cases and 63% cancer deaths recorded [5] . Surprisingly, the incidence increased over the next decade, with 18.1 million new cancer cases and 9. 6 million cancer deaths recorded [6] . This shows both an increase in incidence and mortality of cancers. Hence, a signal for continued pursuit for research into both prevention, therapy and discovery of novel anticancer compounds. Caffeine is one of the most-studied food substance and it has been recorded to be safe with no adverse health implications when consumed in moderation [7] . It is an alkaloid that is found naturally in fruits, leaves, and beans of plants.
It can be found in over 60 plants in varying quantities.
The common sources of caffeine include: cacao bean (Theobroma cacao), kola nut (Cola acuminate), Guarana berries (Paullinia cupana), and Yerba mate (Ilexparaguariensis sp). However, the world's main sources of dietary caffeine are tea leaves (Camelia siniensis) and roasted coffee beans (Coffea Arabica and Coffea robusta) [8] . Coffee has a wide range of health benefits [9] . It reduces risks of Alzheimer's and Parkinson's disease, diabetes, liver disease, and depression [10] [11] [12] [13] . The consumption of 2-5 cups of coffee Oz) daily and the intake of caffeine (400 mg/day) have been suggested to be safe, and it has been associated with reduced risks to major disease conditions [14, 15] . In fact, coffee is a natural source of compounds that target the hallmarks of cancer [16, 17] .
Caffeine (1, 3, 7- trimethylxanthine), a purine alkaloid gotten naturally from plants can be used to make beverages such as tea and coffee, and it is also used in the production of many soft drinks [18] . There is inadequate evidence to suggest that coffee drinking can cause carcinogenicity in humans, and this was seen from a combination of studies on different types of cancer, including liver cancer, female breast cancer, uterine endometrial cancer, prostate cancer, and pancreatic cancer [19] . As we will see recent studies have shown the epidemiological anticancer effects of the consumption of caffeine. Additionally, caffeine has a demonstrated anticancer activity on animal models and cancer cell lines, both individually and in combination with anticancer drugs.
The biological effects of caffeine and related xanthine-based compounds
According to Sultani, et al. [20] 
Epidemiological studies on the anti-cancer effects of caffeine and caffeine containing substances
A study was conducted to assess the carcinogenicity of coffee in liver cancer, female breast cancer, uterine endometrial cancer, prostate cancer, and pancreatic cancer. They discovered a negative correlation for liver and endometrial cancers. Furthermore, the evidence other sites that were reviewed was insufficient. These facts led to the finalization that there is insufficient information in humans to support that coffee drinking can lead to carcinogenesis [19] . An early research conducted by Schairer, et al. [28] showed that there was a negative relationship, especially in women diagnosed for breast cancer aged beyond 50. This negative correlation was elucidated when they investigated the association between breast cancer and methylxanthine intake with the use of data from a case-control study.
Lubin, et al. [29] . In their study analyzed the intake of methylxanthines in patients suffering from malignant breast cancer in comparison to those patients of the 
The individual effects of caffeine on cancer cell lines and animal models of cancer
Molecules that contain nitrogen and are sourced from marine and terrestrial organisms have been studied for the past few years to test their antitumor activity. These The intake of caffeine at higher levels have been associated with some beneficial effects along with some health implications in pregnant women and children [7] . is a chemotherapeutic agent that exists naturally and is isolated from the bark of the Pacific Western yew.
Gururajanna, et al. [72] showed that both Caffeine and caffeine treatment led to the rapid loss, by proteasomal degradation, of both Dna2, a nucleus that facilitates one of two extensive resection pathways, and Sae2, a nucleus that plays a role in the early steps of resection [86] . In human fibroblasts that express telomerase, caffeine was also able to overturn the G2 and S responses which are dependent on ATM and S checkpoint response that is dependent on ATR. The damages were induced Ionizing Radiation and Ultraviolet radiation, respectively [87] .
Caffeine's induction of apoptosis
Cisplatin is an example of an alkylating agent that Jia, et al. [92] found that splicing factor SRp20 (SFRS3)
is over expressed in cancers. Furthermore, RNAimediated reduction of SRp20 expression in cancer cells caused them to show G2/M arrest, apoptosis and growth retardation. Lu, et al. [93] showed that a higher caffeine dose downregulated SRSF3 and p53α, and thus suggest the active functions of p53 in stimulation of caffeine.
Caffeine has also been shown to have a potential role in regulating the initiation, progression and maintenance of tumors, by downregulating the proto-oncogene SRSF3 [92, 94] . Lu, et al. [95] found out that caffeine application can boost UVB-induced increases in apoptosis by p53-and Bax-independent pathways.
Dubrez, et al. [96] reiterated the independence of caffeine to cell-cycle related activities and caffeine synergizes with p53 for inducing cell death through a cell cycle-independent mechanism. This mechanism involves the mitochondrial translocation and 
Conclusion
Caffeine has been shown to have activity at all stages of 
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